Screening a large number of plants for salinity tolerance is not easy, therefore this investigation was performed to evaluate and screen 186 F 8 recombinant inbred lines (RILs) derived from a cross between Superhead#2 (Super Seri) and Roshan wheat varieties for salinity tolerance. All the individuals were evaluated under two treatments including control (10 mM NaCl) and salt stress (150 mM NaCl). Different traits relating to salt tolerance, including dry matter of shoot and root, sodium and potassium concentration, chlorophyll content and relative water content (RWC) were measured. Significant differences were observed among wheat RILs for all the measured traits. Seedling growth was reduced by salinity in all RILs and we observed a significant negative correlation between shoot dry matter and sodium concentration (r = -0.52**), whereas significant positive correlations between shoot dry matter and K + /Na + ratio (r = 0.36**), chlorophyll content (r = 0.20**) and RWC (r = 0.39**) were detected. Based on our results, sodium concentration of leaf, K + /Na + ratio, chlorophyll content and RWC are good indexes for screening bread wheat genotypes for salinity tolerance.
INTRODUCTION
Wheat is one of the most important food crops in the word. It is the only staple food in many countries; therefore, its productivity directly affects human survival and quality of life (Ma et al., 2007) . Obtaining high yield is the aim of most researchers and it is becoming increasingly difficult to ignore yield restricted agents, such as biotic and abiotic stresses. Salinity is an important abiotic stress that limits productivity of crops all over the world. In arid and semiarid regions, where rainfall is insufficient to leach soluble substances from the soil, or where drainage is restricted, soils with high concentration *Corresponding author. E-mail: azadi.amin@gmail.com.
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of salt (salt-affected soils) may be formed (FAO, 2005) .
Salt-affected soil occur in more than 100 countries of the world with a variety of extent, nature and properties (Rengasamy, 2006) and about 20% of agricultural land in the world are affected by soils salinity . The global cost of irrigation-induce salinity is equivalent to an estimated US $11 billion per year (FAO, 2005) . Three general categories of salt affected soils have been identified with USDA salinity laboratory: salinity, sodicity and alkalinity (Ussl, 2005 (FAO, 2000) . Of these, chlorides, sulphates and bicarbonates of sodium, calcium and magnesium frequently occur in saline soil and irrigation water (Khan et al., 2001) .
A considerable number of literatures have been published on screening methods in salinity tolerance in wheat , rice (Gregorio et al., 1997) , alfalfa (Peel et al., 2004) , tomatoes (Dasgan et al., 2002) , barley (Chen et al., 2005) potato (Shaterian et al., 2008) , and on physiology and mechanism of salinity tolerance (Sairam and Tyagi, 2004; Munns, 2005; Munns and Tester, 2008; Bartels and Sunkars, 2005; Møller and Tester, 2007; Mahajan and Tuteja, 2005; Neumann, 1997) . Many researchers have shown relationship between Na + exclusion and salinity tolerance in wheat (Garcia et al., 1995; Ashraf and O'Leary, 1996; Munns et al., 2006; , but some researchers did not find any correlation for Na + exclusion and salinity tolerance (ST) in bread wheat (Genc et al., 2007) or in certain subspecies of tetraploid wheat Triticum turgidum . In rice, K + /Na + discrimination recorded in the stressed plants was significantly correlated with the surviving percentages recorded (Zhu et al., 2001) , and it is conclusively another good index of salinity tolerance in bread wheat (Ashraf and O'Leary, 1996; Din et al., 2008; Dubcovsky et al.,1996; Pritchard et al., 2002) or rice (Asch et al., 2000) . But in certain subspecies of durum wheat, K + /Na + discrimination correlated to salinity tolerance in a lesser degree or correlated in a good degree (Munns et al., 2000) . The low leaf Na and high leaf K concentrations characteristic of the enhanced K/Na discrimination character, originally found in Aegilops squarrosa and in hexaploid wheat, were also found in other Aegilops species containing the D genome, but not in Aegilops ventricosa and the S genome diploid Aegilops species (section Sitopsis); all lacked the enhanced K + /Na + discrimination trait (Gorham, 1989) . Relative water content (RWC) has been widely accepted as a reproducible and meaningful index of plant water status (Smart, 1974) . It has been demonstrated that salt stress also affected and decreased RWC (Vysotskaya et al., 2010) but Sohail et al. (2009) showed that increasing salt concentrations also led to a significant increase in relative water contents of leaf and root tissues.
Salt tolerance selection method has been performed in hydroponics or field, however screening method based on hydroponics or supported hydroponics have become the preferred method for most researchers, because it gives a high degree of control and reproducibility (Genc et al., 2007) . The advantages of field screening are that space is not a major limiting factor to replication and population sizes, and the environmental conditions are almost what will be encountered under real field conditions (Shannon, 1997) .
The aim of this study was to evaluate and screen the recombinant inbred lines (RILs) for salinity tolerance in wheat in control system.
MATERIALS AND METHODS

F8
RILs derived from a cross between Superhead#2 (Super seri) (high yielding and salt sensitive variety from SPII shown with P1) and Roshan (a local salt tolerance cultivar shown with P2) via single seed descent were used in this study.
This experiment was carried out in split plot with a randomized complete block design in a glasshouse (16/8, day/night photoperiod, 27/20°C temperature and minimum relative humidity of about 60%) at the Agricultural Biotechnology Research Institute of Iran (ABRII) with hydroponic. The main plots were salt stress with two levels (10 and 150 mM) and sub plots were wheat genotypes including 186 RILs in three replications (five seedlings per replicate).
Selected seeds were sterilized (1% hypochlorite for 15 min) and germinated in Petri dishes according to . After three days, the uniformly germinated seeds were transferred to holes made in sheets of 2 cm styrofoam, which were floated on a half-strength Hoagland solution (Hoagland and Arnon,1950) for two days (Hoagland materials from Duchefa Biochemie, Netherlands).
Then, full-strength Hoagland solution was applied for two days. After four days of transfer, salt treatment started, to avoid salt shock, 50 mM NaCl was added daily to a final concentration of 150 mM. The pH was monitored daily with pH meter (HI 991001, RoTH, Germany) and adjusted to 5.5 to 6.0 using either HCl or NaOH. Nutrient solution was changed every seven days.
Measuring traits and chemical analysis
The third leaf of each RIL after two weeks were harvested, weighed, rinsed with deionized water, then dried (48 h, 72°C), weighed again and 0.1 g of each RIL was extracted in 0.1 M acetic acid at 80°C for 2 h and analyzed for Na + and K + by flame photometer (410, Corning M410, U.K). After three weeks treatment of 150 mM NaCl, the chlorophyll content of base, middle and tip of the third leaves was measured using a SPAD-502 chlorophyll meter (Minolta, Japan). Each RIL was measured nine times in each replicate. RWC was measured using the third leaves after three weeks salinity treatment. Immediately after cutting at the base of lamina, fresh weights were determined quickly (less than 1 h). Then, leaves were soaked in distilled water at room temperature and under the low light condition. After 4 h, the samples were taken out of distilled water and were well dried lightly for any surface moisture with filter paper and immediately weighed to obtain turgid weight. Dry weights were obtained after oven drying of the leaves (48 h, 72°C) then RWC was calculated according to the equation of Barrs and Weatherly (1962) : RWC (%) = (fresh weight -dry weight) / (turgid weight -dry weight) × 100
At the end of the third weeks, whole shoot and root of each RILs was harvested separately, weighed and oven dried (48 h, 72°C) for dry weight.
Data analysis
Data from the experiment were tested with Kolmogorov-smirnov test for non-normality. ANOVA and mean comparison (Duncan's method with p = 0.01) were done using MSTATC statistical package version 2.10. Pearson correlation analysis was performed using Excel. Salinity tolerance was calculated as shoot dry weight as a percentage of the control shoot dry weight .
RESULTS
Data from all measurement showed normal distribution. Significant differences (P<0.001) were observed among wheat RILs for all measuring traits at seedling stage. Also, there were significant differences at p<0.05 level between salinity treatment for all traits, except sodium concentration (p<0.01). Interaction of RILs and salinity treatment were also significant (Table 1) . Means for traits of all plants grown at 10 (control) and 150 mM NaCl are shown in Table 2 . Under control conditions, Superhead#2 had higher dry weight of shoot and root and sodium concentration as compared to Roshan and all the wheat RILs, but potassium concentration, K + /Na + ratio, chlorophyll content and RWC of Roshan were more than that of Superhead#2.
For all RILs, fresh and dry weight of shoot and root, chlorophyll content, K + concentration and RWC decreased in response to increasing concentrations of NaCl to 150 mM (Table 2) , but chemical analysis of RILs indicated that sodium concentration increased under saline condition (Table 2) . Roshan is a salt resistance cultivar and it showed low Na and high K concentration in salinity treatment, so this cultivar could get high K + /Na + ratio (6.05) which is a good salinity tolerance index. This cultivar also had higher dry weight of shoot and RWC (Table 2) . Frequency distribution for Na + and K + concentrations, K + /Na + ratio and chlorophyll content and parents position among 186 F 8 recombinant inbred lines in salinity treatment showed that there were good variations among RILs, and the parents had different response under salinity stress (Figure 1 ).
On the basis of shoot dry weights, low Na concentration, high K + /Na + ratio and high RWC under saline conditions, among all RILs, we could find four RILs (127,105, 89 and 90) that had good response and showed better performance to salinity stress (Figure 2a to f). Lines 89 and 90 had very high K + /Na + ratio (28.4 and 28.21, respectively), low Na concentration (0.045 and 0.044, respectively), high chlorophyll content, dry weight Figure 2 . Four superior RILs that had high DWS, K concentration, K/Na ratio, chlorophyll content (after three weeks 150 mM NaCl treatment) and RWC (a, c, d, e and f), and low Na content (b) (after 2 weeks 150 mM NaCl treatment), as compared to the others. of shoot and RWC (Figure 2a to f) .
DISCUSSION
In general, Roshan was different from Superhead#2 for all the studied traits. This cultivar (Roshan) had the lowest leaf Na concentration, relatively high K concentration, and also high K + /Na + ratio, so it showed higher tolerance under salinity tolerance (Dashti et al., 2010) than Superhead#2.
Plant adaptations to salinity are of three distinct types: osmotic stress tolerance, Na + exclusion and tissue tolerance. The main site of Na + toxicity for most plants is the leaf blade, so excluding Na + from the leaf blades is important (Munns and Tester, 2008) . In our experiment, (Gorham et al., 1990; Munns et al., 2000) . There was a significant negative correlation at the p = 0.01 level between shoot dry matter and leaf sodium concentration (r = -0.52**) and significant positive correlation between shoot dry matter and leaf K + concentration (r = 0.47**) under salinity stress. A significant negative correlations between leaf sodium concentration and shoot dry matter (Munns et al., 2006) , salt tolerance index (STI) (Goudarzi and Pakniyat, 2008) , grain yield (Goudarzi and Pakniyat, 2008) and salt tolerance (shoot dry biomass in salt treatment as percentage of biomass in control treatment) (Munns, 2005) have been reported in literatures. In general, the genotypes with the lowest Na + concentrations produced the greatest dry matter. These low-Na + genotypes had fewer injured leaves, and a greater proportion of living to dead leaves (Munns et al., 2006) .
The concentration of K + in the cytoplasm in relation to that of Na + may be a contributing factor to salinity tolerance (Munns and Tester, 2008) . Potassium concentration of parents (P 2 and P 1 ) and RILs decreased due to the increasing salinity (8, 60 and 37%, respectively).
High levels of Na + inhibit the K + uptake and as a result of this, it causes a decrease in the K + /Na + ratio. Four superior RILs (90, 89, 127 and 105) showed low Na and high K concentration in salinity treatment, so these lines got high K + /Na + ratio (after two weeks of 150 mM NaCl treatment), when compared with the others. Munns et al. (2006) reported that the high Na + lines lost chlorophyll more rapidly and died earlier than the low Na + lines. After three weeks of 150 mM NaCl treatment, chlorophyll content of these four lines was greater than that of the others.
RWC represents a useful indicator of the state of water balance of a plant (González and González-Vilar, 2001) , and has been widely accepted as a reproducible and meaningful index of plant water status (Smart, 1974).
Many physiological processes, such as leaf photosynthesis are directly affected by loss of water from leaf tissue. So on the basis of our results, it can be used as a screening tool for salinity tolerance in wheat lines.
Correlations between shoot dry matter and K + /Na + ratio, chlorophyll content and RWC was significantly positive (r = 0.36** , r = 0.20** and r = 0.39**, respectively). Table 3 shows the salinity tolerance of the parents and four superior RILs in the control and 150 mM NaCl. RILs 90, 89, 127 and 105 showed on average 99, 78, 76 and 69% of the control shoot dry weight at salinity treatment, respectively, as compared with salt tolerance parent (Roshan) with 48%.
The behavior of the four lines during salinity treatment showed that these lines could be introduced as salinity tolerance and use for future experiments and also in wheat lines K + /Na + ratio (Zhu et al., 2001; Goudarzi and Pakniyat, 2008; Thalji and Shalaldeh, 2007) , sodium exclusion (Munns, 2005) , chlorophyll content and RWC could be considered as salinity indexes for salt tolerant under saline condition.
